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ABSTRACT2

Short—term and long—term fluctuation studies have been
made in the BIFI Shallow Water Acoustic Range, which is 37 kiloyards
in length. It is shown how time smear analysis may be used to predict
the extent of short—term signal fluctuation by taking into account
the energy content of ~~~~~~~~~~~~~~~~~~~~~ the received
signal. The method is applied to an actual received signal with
good results. Long—term fluctuation, such as that due to tide, is
considered in terms of normal mode theory, using the resul ts of the

-F time smear analysis to provide an estimate of the relative strengths
of the modes. When applied to the BIFI range this method predicts
that tidal effects will cause negligible fluctuations in the
received signal, due to the absence of’ modes other than the fundamental
at this large range. This prediction was verified by experiment.

L At shorter ranges, the interaction of several modes will cause relatively
large fluctuations in the signal as the water depth changes during
the tidal cycle.

2This abstract wa~\reviously published in The Program of the Eighty—
Second Meeting of the Acoustical Society of America, Denver, Colorado
19—22 October 1971.
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TEXT

The Naval Underwater Systems Center is engaged in a series
of acoustic propagation investigations for the purpose of
formulating an accurate model suitable for sonar performance prediction
in shallow water. Among the phenomena being investigated are
short—term and long—term signal fluctuations. The present paper
(reference (1)) is an extension of a previous one devoted partly
to this subject, and discusses the use of normal mode theory in
accounting for observed fluctuations.

The tests discussed here were conducted on the BIFI range
shown in Figure 1. The range has a length of approximately 19 nautic al
miles and a depth of about 110 feet through most of its extent .
At Block Island, a projector with an operating frequency of 1700
Hertz is bottom mounted at a 55—foot depth. Several receiving hydrophones
are bottom mounted near Fishers Island. The one currently being used
is located in 155 feet of water.

Fluctuation studies have been conducted on the BIFI range
and results obtained from these tests have been reported previously
at the 78th Meeting of the Society (November 1969). However (referenoe (1))
these tests were of relatively short duration. The present paper
describes a series of tests which were scheduled to be conducted
for 48 consecutive hours. This allowed the study of both short
and long term fluctuation effects. All tests were conducted when
winter conditions prevailed and the water column was approximately
isc.thermal. Hence fluctuations were measured when Internal wave
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- 

mot ionwas at a minimum.

Time smear analysis of short pulses has been used to study
short term fluctuations. A review of the method is provided
i~ Figure 2. Briefly, the outgoing pulse is assumed to be rectangular,
of duration T0. That part of the received signal which contains
tne maximum energy in an interval T0 is called the “main pulse.”
The “front” and “tail” are the portions of the signal adjacent
to the main pulse whose energy content and acoustic pressure
are above a predetermined threshold with respect to the ambient noise.

The results of the time smear analysis of a series of pulses
may be used to predict signal fluctuations in C.W. signals. Variations

• in signal level can be attributed to two factors. First, there is
the variation in the energy of the main pulse in a series of received
signals. This can cause a maximum variation in the envelope equal
to the ratio of the energy in the largest main arrival to that of the
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- smallest main arrival and is given by 
~~~,, 

. Second , is the effect due
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to Interference between the main pulse and other arrivals . The
maximum due to this effect is given by 4a. . Since these
effects mayreasonablybe assumed to be independent , the total
maximum variation would be the sum of the two components.

As one application of this method, the median value of A2,
the component of signal variation due to multipath, was found for
each of four tests, and tabulated, together with the prevailing
sea states, in Figure 3. It can be seen that, for all sea states
considered, the median fraction of energy in the tail, F(tail),
is relatively small. This indicates that th~e first arrival, i.e.the first mode, dominates the sound field and that relatively little

~~• energy is contained in higher order modes. The resulting values
of ~~ were only about 5 dB at all sea states. It may be noted
that 4~,doea increase slowly with sea state.

— The duration of the test in January 1968 was 48 hours.• Every 30 minutes during this test the sequence of signals shown
In FIgure 4 was received. About ten 45—second pulses were followed
by 8 pulses 250 milliseconds in length. The median values of Aa.
computed from each sequence of short pulses are shown in Figure 5.
The spread of the data about the 5 dB median value is extremely
small. By contrast there is rapid fluctuation in the magnitude
of fading in the long pulses. Shown in Figure 6 is the maximum
signal variation in dB in the last long pulse in each sequence
over the 48—hom period. The magnitude of the fading varied
from 6 to 43 dB. The median value is in excess of 20 dB.
Analysis of the short pulses indioat~ that about 12 dB of this medianvalue can be attributed to variation of the main pulse and about
8 dB to the interference effect due to multipath. Thus it appears
that, even in the absen ce of internal wav es and with relatively
little multipath strength, large and irregular fading can occur.

We now turn to consideration of fluctuations caused by tidal
changes. A change in water depth may affect acoustic transmission
in two ways: (i) It may alter theenergy distribution in the water
column; and (2) It may alter the phase relationship between the
modes which make up the sound field. For the low order modes considered
in this paper the second effect is much more important than the first.

Calculations of the effect of tide were made using normal
mode theory. The following assumptions were made: (i) Values obtained
as a result of extensive measurements were used for parameters

- • of the BIFI range; (2) Th~ maximum depth change due to tide , as
taken from tide tables for the area, was three feet; (3) The frequency
was taken at 1700 Hertz, the same frequency as used in the long term
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experIments; (4) The received signal was assumed to consist of
the first two modes, with 10% of the total energy in the second
mode • This was based on the results given in Figure 3 which showed
about 6% to 8% of the energy in higher modes. Concentrating all
of this energy In the second mode constitutes a kind of “worst case.”

A plot of the results of the calculations is shown in FIgure 7.
• The curve of signal level versus water depch has the appearance

of an incomplete sinusoid. The maximum change in signal level due
to the tide is only 2.7 dB. In-~the actual case, this change may
be expected to be smaller than shown, for two reasons. First, the
higher order energy may be distributed in several modes, rather
than only the second mode. Second, for calculations purposes It
was assumed that the relative phase between the two modes is fixed
and does not vary with time, while in fact the relative phase is
likely to be somewhat incoherent. Both these randomizing effects
would tend to reduce the change in level caused by tide and it is
to be expected that this tidal effect would be lost in the much
larger short term fluctuations and changes due to other environmental
factors.

Figure 8 is an illustration of this . It shows values of
signal level and wind speed as a function of time for 30 hours
as observed in tests conducted in January 1968. In the first 12 hours,
as the wind speed increased from 5 to 20 miles per hour , the signal
level decreased by 20 dB, (from 35 to 15). Also, short term
fluctuations of the order of 20 dB are evident. Thus the tidal effect
is lost in these large changes. Spectra of the data were obtained
of wind speed and signul level . No pronounced periods were noted
in any of these curves .

We have discussed the effect of tide In one specific case. A
consideration of the theoretical effect in other cases illustrates
certain interesting tidal effects. In Figure 9 are shown two plots
of signal level versus water depth. The assumptions are the same as in

• the previous case except that the sound field is composed of two modes
of equal amplitude. The range for which the curve on the right i~calculated is 2000 ’ greater than that of the left curve. Three effects
areapparent: (1) As before the curves are in the form of an incomplete
sinusoid. However, there is in effect a time lag betwen the tidal
effect at different ranges; (2) Due to this time lag different
portions of the sinusoid are traced over the tidal cycle. The curve
on the right follows the shallow part of the sinusoid and the maximum
amplitude difference ia only 4.6 dB. At a range only 2000’ away
the resulting signal variation is 23.2 dB since the curv e foll ows

— the steep part of the sinusoid; and (3)  Finally, it is noted that
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the basic order of magnitude of signal variation when two modes of
equal amplitude compose the sound fie~.d far exceeds that when onemode dominates the sound field.

In Figure lOare shown two plots of signal level versus water depth .
The assumptions are the same as in the previous cases except that
the sound fi eld is composed of four modes each of which suffers the
same bottom loss. The source depth corresponding to the left curve
is 55 feet while that corresponding to the right curve is 105 feet.
Two effects are apparent: (1) The amplitude fluctuates more rapidly
tha~ in the previous case. This occurs because of the large path
difference between the first mode and the higher order modes
introduced; (2) The magnitude of th~ signal variation is highly
dependent upon source depth since the relative strength of the modes
is a function of depth. The maximum signal variation increases
from 5.2 to 13.2 dB when the source depth is changed from 55 to 105
feet. The same effect can be achieved by varying the receiver depth.

Finally it must be noted that nearly all of the previously
mentioned parameters are a function of frequency. Frequency must be
taken into account in any calculation.

To summariz e, it has been shown how normal mode theory has been
used to predict signal fluctuations at long ranges. A method of
predicting short term fluctuations was described. Fluctuations due
to tide were also discussed, and It was concluded that because
of the long ranges Involved in the BIFI tests, these fluctuations

— were expected to be negligible.
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